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Abstract 
This study aimed to analyze the temperature of the hands and its relationship with the thermal sensation of hands, and the 
relationship between the thermal sensation of the hands and the use of the knife. The study included 227 poultry slaughterhouse 
workers. An infrared camera and a support for hand positioning were used to collect the thermographic images of the dorsal and 
palmar side of both hands, and a numerical scale was used to obtain the thermal sensation. In order to compare the thermal 
sensation of the hands among workers who used and those who did not use a knife, the chi-square test was performed. Pearson 
correlation was used to correlate the temperature of the hands with the workers’ thermal sensation. The temperatures between 
right and left hand were compared using the Student's t test or Wilcoxon. The participants of the study were working at the 
poultry slaughterhouse for 6.3±5.8 years and were exposed to room temperatures between 8°C and 12°C. The majority of the 
workers were right-handed (96.5%) and did not use a knife (55.5%). Regarding to the perception of cold, 78% reported feeling 
cold hands. There was no correlation (p=0.937) between the use of the knife and the perception of cold. Workers who did not use 
a knife showed a significant correlation between the thermal sensation and the temperatures of the phalanges, with the exception 
of the hand’s dorsum and palm (p<0.05). However, between knife users there was no association of the temperature of the hands/ 
fingers with the thermal sensation. There were no differences between the left and right hand’s temperatures of the workers who 
did not use a knife. The workers that use the knife had lower temperatures in the opposite hand, with no significant difference 
only for the ulnar region of palm and dorsum; this can be due to the handling of refrigerated products with the left hand. 
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1. Introduction 
In many cities in the southern part of Brazil, chicken production is the main economic activity. According to the 
national annual report, in 2013 Brazilian production reached 12.3 million tons of poultry meat, guaranteeing Brazil 
the third place as the world’s largest producer of chicken. Since 2004, the country is the largest exporter, with 3.9 
million tons shipped over 150 countries by the end of 2013 [1]. In Brazil, the poultry industry employs more than 
3.6 million people [1], where the majority are line workers, and due to exposure to artificially cold environment, 
many are at risk of developing cold related injuries [2].  
According to the Occupational Safety & Health Administration (OSHA), work-related musculoskeletal disorders 
(WMSDs) are associated with exposure to risk factors in the workplace, such as injuries or disorders of the nerves, 
tendons, muscles, joints, cartilage, and the spine [3]. Colombini and Occhipinti [4], in a poultry slaughterhouse 
industry, found that the OCRA Checklist average was 20 points (medium risk), and as a result 22.4% of the 969 
workers presented (proven with clinical examination and testing) WMSDs in the upper limbs. 
The anatomical regions associated with the most prevalent WMSDs are the wrist and hand, and epidemiological 
research supports the evidence of injuries related to repetitive and forceful hand-intensive tasks [5]. The presence of 
inappropriate and extreme forearm and wrist postures, vibration and cold temperatures can worsen these disorders 
[6]. The circulatory flow in the extremities is adjusted rapidly to exposure to cold and thermal state of the human 
body. Shortly after, exposure to cold environments results in vasoconstriction through the sympathetic system, with 
reduced blood flow in the periphery in favor of maintaining the core temperature of vital organs. Due to 
vasoconstriction in peripheral microvasculature regions and a high surface/volume ratio, the temperature of the skin 
of the fingers and toes tends to decrease rapidly and exponentially to a level approaching that of the environment. 
Prolonged cooling increases the tone of the precapillary sphincters, leading to a reduction in nutritional blood flow, 
which in turn can lead to tissue damage and even necrosis, commonly observed in lesions due to exposure to cold, 
but non- freezing [7]. 
Thus, this study aimed to analyze the temperature of the hands and its association with the thermal sensation in 
the hands, the relationship between the thermal sensation of the hands and the use of a cutting tool (knife) during the 
activity that preceded the temperature recording. 
2. Method 
The 227 participants worked in a poultry slaughterhouse located in the country side of a southern state of Brazil. 
They were randomly selected from a list of names of two distinctive shifts, which included different tasks related to 
cutting and packaging poultry meat. The study included 199 females (32.6±8.6) and 28 males (29.6±8.2 years). 
The participants worked in sectors with varying ambient temperatures between 8°C to 12°C, and were working in 
this industry for at least 01 months and a maximum of 25.6 years, with an average of 6.3±5.8 years. The majority of 
the workers were right-handed (96.5%) and did not use a knife (55.5%) during the activity prior to data collection. 
Thermographic images were taken in a room provided by the company, located next to the work station, where 
the participants were performing the job duties. An infrared portable camera ThermaCAM® E320 and a support for 
hand positioning to capture the thermographic images were used shortly after the worker removed the gloves. The 
camera was positioned 1.2m away from the participant and 0.88m off the floor (Figure 1), temperature (≈23°C) and 
humidity (≈50%) of the room were recorded for analysis of the images, and a 0.98 emissivity (body human) was 
adopted. The participants were randomly selected by drawing from a list, considering a minimum sample of 10% of 
all company’s employees. The workers were invited to participate in the study and taken to the data collection room 
where they also signed the consent form. In order for the worker to participate in the study, the condition was that 
the worker would have to be performing the same activity in the work station for at least 15 minutes prior to the data 
collection [8]. The time between leaving the work station and recording the thermographic images was not greater 
than four minutes. 
The criteria for participation in the study were the following, in order to exclude the possibility of alterations in 
the skin temperature: do not smoke [10], do not be sleep deprived prior the assessment [11], had not have any 
alcoholic beverage 12 hours preceding the data collection [12], and females during menstruation should be excluded 
[13]. 
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Fig. 1. (a) Procedure adopted for collecting the thermographic images of the hands. (b) Sensory mapping model of the peripheral nerves of the 
hand on the dorsal and palmar side and their respective dermatomes. The figure shows the innervation for the ulnar nerve (U), radial nerve (R), 
and median nerve (M). Source: Cailliet [9]. 
The dermatomes, according to Cailliet [9] (Figure 1), determined the body regions analyzed in this study. The 
following nomenclature was adopted for each finger analyzed: finger 1 (thumb), finger 2 (index), finger 3 (middle), 
finger 4 (ring), finger 5 (little).  
Two thermographic images were collected, one of the dorsal side of the hand and one of the palmar side (Figure 
2). In order to analyze the infrared images, the regions selected were the finger’s extremities and approximately two-
thirds of the distal aspect of the dorsum of the hand related to the radial innervation, and at least one-half of the 
ulnar innervations on the medial side of the dorsum. In relation to the palmar side, similar regions were selected 
according to the ulnar and median innervations (Figure 2). The Flir QuickReport software version 1.2 SP2 2009 was 
used, as shown in Figure 2. The software provided the minimum, maximum and average temperatures of the body 
regions selected.  
A numerical scale was used to analyze the thermal sensation of the hands, where zero indicated feeling neutral, 
+1, +2, and +3 indicated feeling slightly warm to feeling very hot, and -1, -2, and -3 indicated feeling slightly cold 
to very cold [8]. Only one numerical value was recorded for both hands. 
Firstly, thermographic images of both hands (dorsal and palmar sides) were taken to obtain the temperature 
values, followed by the interview were the numerical scale was used to obtain the thermal sensation of the hands. 
Regarding the statistical analysis, the SPSS software for Windows version 17.0 (SPSS Inc., Chicago IL, USA) 
was used. Chi-square test was used for comparison of the thermal sensation of the hands among workers who used 
the cutting tool and those who did not use. 
In order to perform the statistical tests and analysis of results, workers were divided into two distinct groups: 
those who used knife (101) and those who did not use (126). In order to compare the workers who used the knife 
with those who did not use the cutting tool, regarding the temperature, the medium value was selected for analysis. 
The Pearson correlation was used to correlate the temperature of the predetermined regions of the hand with the 
reported thermal sensation of the workers that utilize the knife in comparison with those who were not performing 
the task with a tool. 
In order to compare the average temperatures of fingers, dorsal and palmar regions of the right with the left hand 
between the workers who were using the cutting tool and those who were not using, firstly, the normality was tested 
(Shapiro-Wilk test (n<50) and Kolmogorov-Smirnov (n>50)), and according to the results, the Student's t test or the 
Wilcoxon test was performed, both for dependent samples. 
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Fig. 2. Thermographic images of the dorsum (left) and palm (right) of the hands, with the anatomical regions delineated showing the 
corresponding temperatures for each area. 
The temperature difference between the left and right hand was calculated considering the predetermined regions, 
and the criteria adopted for acceptable limits of thermal asymmetry between hands was  >1°C and >0.3°C, proposed 
by Hong et al. [14] and Brioschi et al. [15]. 
The classification used as a reference is described in the ISO 11079: 2007 - "Ergonomics of the thermal 
environment", which recommends frequent temperature control of the fingers in the workplace and suggests that 
these temperatures should be above 24°C for the preservation and proper functioning of the hands [16]. This 
standard norm states that temperatures up to 15°C are considered high physiological stress, characterized by 
peripheral vasoconstriction, irregular perspiration, and a thermal sensation of cold.  
Regarding to all the statistical tests performed, a significance level of p≤0.05 was used. 
The procedures were approved by the local Ethics Committee in Research with Human Beings, According to the 
Declaration of Helsinki. 
3. Results and discussion 
Regarding the use of the knife and the thermal sensation reported by the participants, there was no significant 
association between the use of the tool and the perception of cold. This result may be due to a possible alternation in 
choosing the displayed value on the numeric scale for the thermal sensation, since the dominant hand wielded a 
higher temperature and was also handling the tool, while the contralateral hand held the cold product, and only one 
value for the thermal sensation was recorded for both hands.  
Figure 3 shows that 78% of workers (n = 177) felt cold in the hands at different intensities and only 22% of 
workers (n = 50) reported no cold sensation.  
A study of  body discomfort in a poultry slaughterhouse in Brazil, with 290 participants, showed that 54.1% felt 
cold, and the analysis confirmed an association of body discomfort with the perception of cold (p=0.035) [23]. 
Oksa et al. [17] compared the effect of repetitive work in cold and in thermoneutral conditions on the forearm 
muscle, in order to investigate the hypothesis that cold and repetitive work together represents a higher risk for 
overuse injuries than repetitive work in a thermoneutral condition. The study confirmed the hypothesis, suggesting 
that decrease in body temperature results in increased muscular effort, which can contribute for the development of 
musculoskeletal disorders [17]. 
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Fig. 3. Thermal sensation of the hands and intensity of the perception of cold. 
 
Regarding the use of the knife and the thermal sensation reported by the participants, there was no significant 
association (p=0.937) between the use of the tool and the perception of cold reported (Table 1). 
Table 1. Thermal sensation of the hands regarding the use of the knife prior to data collection. 
Use of 
Knife 
Thermal Sensation of Hands 
Neutral Cold Total 
N % N % N p 
No 28 22.2 98 77.8 126 
0.937 
Yes 22 21.8 79 78.2 101 
Total 50 22.0 177 78.0 227  
* p≤0.05; Chi-square test was performed. 
 
It is relevant to consider that the participant may have reported the temperature that felt most comfortable, or the 
dominant hand temperature, in which the cutting tool was held, since the question was not specified for each hand. 
These factors could influence the results of the association between the thermal sensation felt and whether or not the 
participant was using a tool prior the interview. Tool handling tasks at this type of setting can contribute for the 
significant temperature differences, since the contralateral hand holds and supports the cold product being cut.   
A significant correlation was found between the thermal sensation of the hands and the temperatures of the 
fingers (dorsal and palmar side of fingers of both hands) for those participants who did not use the knife, with the 
exception of the dorsum and palm of the hands (p≤0.05). This association may be related to the characteristics of the 
activities that require direct contact and /or handling of cold products with both hands.  
Conversely, there was no correlation between the temperatures of all predetermined regions of the hands and the 
thermal sensation reported by the participants who use the tool in the activity prior the data collection. 
Again, these findings may be associated with the evaluation protocol of thermal sensation, in which the questions 
of perception of cold were not specific for each hand, and the participant may had reported the most predominant 
thermal sensation that was felt.  
In a study of eight cheese packers exposed to an environment with a temperature of 10qC and relative humidity of 
30% for 10 minutes, it was found that the temperature of the right hand declined 3.3qC. During cheese packing, 
handling the product with one of the hands caused a difference in temperature between the hands to reach 2.6 degree 
Celsius [18]. 
There was no significant difference between the medium temperatures of the fingers, palm and dorsum regions of 
the hand between the sides (left and right) in workers who did not use the knife; however, the majority of workers 
who used the cutting tool during the tasks prior data collection, showed medium and median lower temperature 
values on the left hand (p<0.001 for fingers 1 and 2, and p<0.009 for fingers 3, 4, and 5), with no significant 
difference only for the area of ulnar innervation of the dorsum and palm, and radial innervations of the dorsum, 
which may be due to handling refrigerated products (meat) with the left hand and using the knife in the right hand. 
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Considering that all the meat cutting work stations are located in areas where lower temperatures are prevalent 
due to the product temperature requirements, cold related injuries are often seeing. Cummings [19] analyzed 300 
injury incident reports from a pork processing plant, and of the 57 injuries taking place in the cold-work area, the 
main source of injury was the tasks that require the use of handheld tools. 
Table 2 shows the differences between the hands’ average temperatures regarding the use of the knife. 
The majority of the participants showed a temperature difference of more than 0.3 degrees Celsius for each 
region analyzed when comparing between the right and left hands in both conditions (with and without the use of 
the knife). Also most of the workers presented temperatures differences greater than 1 degree Celsius for both the 
dorsum and palm of hands when using the knife prior to data collection (Table 2). There was a significant 
prevalence (p≤0.05) in the number of workers that presented temperature differences greater than 1 degree Celsius 
between hands (right and left) for all regions when using the cutting tool. 
Table 2. Differences in temperature averages between right and left hands. 
Without knife (n=126) With knife (n=101) 
Body regions 
Dorsal side 
ο T ο T >1 qC† ο T > 0.3 qC‡ ο T ο T >1 qC† ο T > 0.3 qC‡ 
±s n % n % ±s n % n % 
Finger 1 1.5 ± 1.5 56 44.4 112 88.9 2.8 ± 2.4 70 69.3 95 94.1 
Finger 2 1.5 ± 1.8 52 41.3 108 85.7 2.6 ± 2.8 66 65.3 91 90.1 
Finger 3 1.5 ± 1.4 62 49.2 109 86.5 3.1 ± 2.7 73 72.3 91 90.1 
Finger 4 1.4 ± 1.6 54 42.9 104 82.5 3.2 ± 2.9 75 74.3 92 91.1 
Finger 5 1.2 ± 1.5 52 41.3 100 79.4 3.0 ± 2.9 75 74.3 96 95.0 
Ulnar region 1.2 ± 1.1 56 44.4 100 79.4 1.7 ± 1.5 59 58.4 94 93.1 
Radial region 1.0 ± 1.0 51 40.5 103 81.7 1.7 ± 1.4 65 64.4 92 91.1 
Total 1.3 ± 1.4 383 43.4 736 83.4 2.6 ± 2.5 483 68.3 651 92.1 
 Palmar side 
Finger 1 1.3 ± 1.3 55 43.7 111 88.1 2.4 ± 1.9 73 72.3 91 90.1 
Finger 2 1.3 ± 1.7 47 37.3 104 82.5 2.1 ± 2.1 55 54.5 86 85.1 
Finger 3 1.3 ± 1.2 55 43.7 107 84.9 2.4 ± 2.2 66 65.3 88 87.1 
Finger 4 1.3 ± 1.4 56 44.4 95 75.4 2.5 ± 2.1 68 67.3 93 92.1 
Finger 5 1.1 ± 1.3 45 35.7 97 77.0 2.3 ± 2.1 68 67.3 92 91.1 
Ulnar region 1.1 ± 1.0 48 38.1 101 80.2 1.4 ± 1.1 55 54.5 87 86.1 
Median region 1.1 ± 0.9 53 42.1 104 82.5 1.7 ± 1.3 58 57.4 91 90.1 
Total 1.2 ± 1.3 359 40.7 719 81.5 2.1 ± 1.9 443 62.7 628 88.8 
ο T – Difference between temperatures (right and left) 
† Criterion of 1°C established by Hong et al. [14]. 
‡ Criterion of 0.3°C established by Brioschi et al. [15]. 
 
Table 3 presents the temperatures of fingers of left and right hands according to the recommendations of  ISO 
11079:2007 (<15°C, 15°C to 24°C and >24°C). 
Significant statistical differences between right and left hand are shown only for the group of participants that use 
the knife, according to the medium temperatures classified as <24°C and >24°C, for fingers 1, 2, 3 and 4 in the 
dorsal and palmar side of the hands (Table 3). 
ISO 11079 contains criteria for assessment of local cooling and recommends that finger temperatures should not 
be below 24°C during prolonged exposure or 15°C sporadically [20]. Also, the norm states that temperatures up to 
15°C can cause high physiological stress due to peripheral vessel constriction, abnormal sweating and cold feeling. 
These factors are related to the exposure to cold conditions for extended periods of time, which can shift blood flow 
from the extremities to the body core, allowing the exposed skin to cool rapidly [21]. 
The evidences that cooling can deteriorate muscular components, functional properties and neural functioning are 
suggestive of the development of musculoskeletal disorders in the work place [17, 22]. 
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Table 3. Classification and comparison between right and left finger temperatures, according to ISO 11079:2007 [16].  
 Without knife (N=126) With knife (N=101) 
 Right hand n (%) Left hand n (%) Right hand n (%) Left hand n (%)  
Dorsal 
side 
<15 
°C 
15-23,9 
°C 
≥ 24 °C <15 
°C 
15-23,9 
°C 
≥ 24 
°C 
p <15 
qC 
15-
23,9°C 
≥ 24 °C <15 
°C 
15-
23,9°
C 
≥ 24 
°C 
p 
Finger 
1 
06 
(4.8) 
91 
(72.2) 
29 
(23.0) 
7 
(5.6) 
88 
(69.8) 
31 
(24.6) 
0.76
7 
3 
(3.0) 
60 
(59.4) 
38 
(37.6) 
5 
(5.0) 
82 
(81.2) 
14 
(13.9) 
<0.001* 
Finger 
2 
15 
(11.9) 
87 
(69.0) 
24 
(19.0) 
15 
(11.9) 
90 
(71.4) 
21 
(16.7) 
0.62
2 
7 
(6.9) 
67 
(66.3) 
27 
(26.7) 
8 
(7.9) 
81 
(80.2) 
12 
(11.9) 
0.007* 
Finger 
3 
21 
(16.7) 
82 
(65.1) 
23 
(18.3) 
16 
(12.7) 
91 
(72.2) 
19 
(15.1) 
0.49
9 
8 
(7.9) 
64 
(63.4) 
29 
(28.7) 
9 
(8.9) 
81 
(80.2) 
11 
(10.9) 
0.001* 
Finger 
4 
22 
(17.5) 
82 
(65.1) 
22 
(17.5) 
21 
(16.7) 
82 
(65.1) 
23 
(18.3) 
0.86
9 
11 
(10.9) 
60 
(59.4) 
30 
(29.7) 
14 
(13.9) 
71 
(70.3) 
16 
(15.8) 
0.019* 
Finger 
5 
22 
(17.5) 
81 
(64.3) 
23 
(18.3) 
23 
(18.3) 
78 
(61.9) 
25 
(19.8) 
0.74
8 
13 
(12.9) 
60 
(59.4) 
28 
(27.7) 
16 
(15.8) 
63 
(62.4) 
22 
(21.8) 
0.328 
Total 86 
(13.7) 
423 
(67.1) 
121 
(19.2) 
82 
(13.0) 
429 
(68.1) 
119 
(18.9) 
 42 
(8.3) 
311 
(61.6) 
152 
(30.1) 
52 
(10.3) 
378 
(74.9) 
75 
(14.9) 
 
Palmar side               
Finger 
1 
8 (6.3) 94 
(74.6) 
24 
(19.0) 
5 
(4.0) 
99 
(78.6) 
22 
(17.5) 
0.74
4 
3 
(3.0) 
74 
(73.3) 
24 
(23.8) 
3 
(3.0) 
89 
(88.1) 
9 
(8.9) 
0.004* 
Finger 
2 
13 
(10.3) 
94 
(74.6) 
19 
(15.1) 
10 
(7.9) 
98 
(77.8) 
18 
(14.3) 
0.85
9 
3 
(3,0) 
75 
(74.3) 
22 
(21.8) 
4 
(4.0) 
86 
(85.1) 
11 
(10.9) 
0.036* 
Finger 
3 
16 
(12.7) 
91 
(72.2) 
19 
(15.1) 
14 
(11.1) 
95 
(75.4) 
17 
(13.5) 
0.71
9 
4 
(4.0) 
76 
(75.2) 
21 
(20.8) 
6 
(5.9) 
88 
(87.1) 
7 
(6.9) 
0.004* 
Finger 
4 
17 
(13.5) 
91 
(72.2) 
18 
(14.3) 
16 
(12.7) 
95 
(75.4) 
15 
(11.9) 
0.57
5 
9 
(8.9) 
72 
(71.3) 
20 
(19.8) 
8 
(7.9) 
84 
(83.2) 
9 
(8.9) 
0.027* 
Finger 
5 
18 
(14.3) 
92 
(73.0) 
16 
(12.7) 
16 
(12.7) 
94 
(74.6) 
16 
(12.7) 
1.00
0 
12 
(11.9) 
69 
(68.3) 
20 
(19.8) 
12 
(11.9) 
76 
(75.2) 
13 
(12.9) 
0.183 
Total 72 
(11.4) 
462 
(73.3) 
96 
(15.2) 
61 
(9.7) 
481 
(76.3) 
88 
(14.0) 
 31 
(6.1) 
366 
(72.5) 
107 
(21.2) 
33 
(32.7) 
423 
(83.8) 
49 
(9.1) 
 
#Comparison between right and left hands’ medium temperatures classified as < 24°C e >24°C; *p≤0,05. 
 
Tirloni et al. [23] recommend the use of appropriate clothing according to the temperature in the working 
environment at slaughterhouses, as well as proper fitted tools and protection garments, respecting the biological 
individuality of the workers, and promoting thermal insulation and comfort. 
4. Conclusion 
Based on the obtained results, here are the following conclusions: 
 
x Statistically significant correlation was found between the thermal sensation of the hands and the temperature of 
the fingers (dorsal and palmar side of both hands), for the group of workers who did not use knife, with the 
exception of the dorsum and palm of the hands; 
x For the group that used the knife, no statistical significant association between the temperatures of the hands and 
the reported thermal sensation was found, which can be explained considering that the dominant hand did not 
require contact and/or handling of the product, only handling the tool, which can again be related to inconsistency 
or doubt in choosing the temperature that would represent both hands, not only the warmest hand (dominant 
hand); 
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x There was a significant difference between the temperatures of the left and right hands of workers who used the 
tool, in which the hand holding the knife showed and higher temperature than the hand handling the product; 
x Most workers who used the knife presented temperature differences between the right and left hand greater than 1 
degree Celsius, as opposed to workers who did not use the knife; 
x According to the classification proposed by ISO 11079: 2007, there was significant differences between right and 
left hand medium temperatures classified as <24°C and >24°C, only for workers who used the knife, in the 
fingers 1, 2, 3 and 4 on the dorsal and palmar sides of the hand. 
 
Developing strategies for protecting extremities in occupational settings such as artificially cold environments, 
should take into consideration the need to maintain the body’s optimal condition, without relying on physiological 
adaptations, to prevent the body from frequently triggering immune responses in order to maintain homeostasis, and 
consequently contributing for the development of musculoskeletal conditions. Well-insulated and well-fitted 
garments are indispensable in maintaining an optimal temperature in the work environment, in order to easy the 
already heavy load on the human body in these highly demanding work settings.  
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